Aim. This study was aimed at investigating the effects and molecular mechanisms of physical activity intervention on Parkinson's disease (PD) and providing theoretical guidance for the prevention and treatment of PD. Methods. Four electronic databases up to December 2019 were searched (PubMed, Springer, Elsevier, and Wiley database), 176 articles were selected. Literature data were analyzed by the logic analysis method. Results. (1) Risk factors of PD include dairy products, pesticides, traumatic brain injury, and obesity. Protective factors include alcohol, tobacco, coffee, black tea, and physical activity. (2) Physical activity can reduce the risk and improve symptoms of PD and the beneficial forms of physical activity, including running, dancing, traditional Chinese martial arts, yoga, and weight training. (3) Different forms of physical activity alleviate the symptoms of PD through different mechanisms, including reducing the accumulation of α-syn protein, inflammation, and oxidative stress, while enhancing BDNF activity, nerve regeneration, and mitochondrial function. Conclusion. Physical activity has a positive impact on the prevention and treatment of PD. Illustrating the molecular mechanism of physical activity-induced protective effect on PD is an urgent need for improving the efficacy of PD therapy regimens in the future.
Introduction
Parkinson's disease (PD) is a second common neurodegenerative disease all over the world [1] . Most of the patients are between 50 and 60 years old. As the aging of population increases, the risk of Parkinson's disease increases accordingly, and the incidence in young-and middle-aged people increases. As a chronic disease, PD has a long course and is prone to recurrence. The reduction of dopamine (DA) is the leading cause of PD in previous studies [2] . The consequent loss of the neurotransmitter DA in the striatum leads to the primary motor symptoms of PD, namely, bradykinesia, tremor, rigidity, and postural instability [3] [4] [5] . At present, the clinical trials are valid only for symptom management; no medications have proved effective in stopping the disease process [4] . Therefore, revealing the pathological mechanism of PD is extremely important for the effective prevention and treatment of this disease.
The character of brain tissue from PD patients is the degeneration of dopaminergic neurons in the substantia nigra pars compacta of the midbrain, with the concomitant loss of their axons which project to the striatum along the nigrostriatal pathway. Along with the neuronal loss, the appearance of insoluble cytoplasmic inclusions (Lewy bodies, LB) and insoluble fibrils (Lewy neurites, LN) is also a neuropathological hallmark of PD. The main composition of the LB and LN is the α-synuclein (α-syn) protein [6] . PD can usually be divided into familial and sporadic [7] . Clinical statistics show that the number of familial patients accounts for about 10% of all patients. The leading cause of familial patients is gene mutation, such as PARKIN, DJ-1, PINK1, and ATP13A2 [8] , while the main causes of sporadic patients are associated with oxidative stress, neuroinflammation, mitochondrial dysfunction, and environmental factors, such as drugs and pesticides [9] .
Epidemiology Study of Parkinson's Disease
2.1. Incidence of Parkinson's Disease. A study of data from 2005 to 2018 indicated that PD is one of the most common neurodegenerative diseases worldwide (second only to Alzheimer's disease). The influence factors in the study of PD were mainly divided into prospective studies and casecontrol studies. In the world's high-income countries, the median incidence of PD is 14/100,000, and the rate is 160/100,000 in people aged 65 or older [10] . Among the 40-year-old American population, the risk of PD in men is about 2%, while in women is 1.3% [11] . The age-adjusted prevalence of PD reflects morbidity and mortality, which in Africa is lower than that in Europe, the United States, and Asia [12] [13] [14] . Currently, there are fewer morbidity data related to racial or ethnic, but the incidence varies according to the current research. A study from a large medical institution in the United States indicated that the incidence in Blacks is higher than that in Whites. The age-adjusted and gender-adjusted incidence of PD was highest among Hispanics (16.6/100,000), followed by non-Hispanic whites (13.6/100,000), Asian (11.3/100,000), and Blacks (10.2/100,000). Another study based on beneficiaries of US health insurance suggested that the incidence of PD in Whites was also higher than that in Blacks or Asians [15] [16] [17] . The incidence of PD increases with age and reaches a maximum at 80 years old. In the Chinese population aged 60 years, the incidence of PD is more than 1%.
Risk Factors and Protective Factors of Parkinson's
Disease. The risk factors of pathogenicity and morbidity in PD are various. We have found that dairy consumption is positively correlated with the incidence of PD through a series of studies related to aging, cancer prevention, and nutrition [18] [19] [20] . The risk of PD in the study sample from the Honolulu-Asian Ageing Study (HAAS) and Cancer Prevention and II Nutritional Research (CPS-IIN) increased with the extension of plantation time [21, 22] . This result is consistent with agricultural health research, which indicates that exposure to pesticides increases the risk of PD. Pesticides could cause oxidative stress and disturb mitochondrial function [23] . Traumatic brain injury can lead to disruption of the blood-brain barrier, impaired mitochondrial function, and accumulation of brain α-syn protein, all of these may lead to an increased risk of PD after exposure to such injury [24] . A cohort study in Finland found that overweight (i.e., BMI 27-29.9) or obesity (i.e., BMI ≥ 30) will bring a high-risk factor for PD [25, 26] .
The protective factors of PD from numerous studies are also diverse. Compared with nondrinkers, longitudinal studies support a viewpoint that drinkers had a slight decreased risk of PD, which was consistent with the effect of alcoholic beverages on urate levels in the body [27, 28] . Coffee drinkers have a lower risk of PD than other people who do not drink coffee, which has been confirmed in several prospective investigations [29, 30] . The ingredients of black tea may help reduce the risk of PD, but green tea does not have the same effect [31] [32] . With the extension of smoking time, the risk of PD is reduced by up to 70%, and it has increased with time since the quitters quit smoking [33] [34] [35] . Besides, the use of antihypertensive drugs [36, 37] , physical activity, and a healthy diet [38] can effectively reduce the risk and relieve the symptoms of PD patients (Figure 1 ).
Physical Activity Prevention and
Parkinson's Disease [39] [40] [41] [42] . There is no strong supporting evidence for the hypothesis that physical activity can prevent male PD in the Harvard Alumni Health Study. Nevertheless, a smaller sample size study shows a negative and nonsignificant association between physical activity and PD [43] . A study of 143,325 participants from CPS-II-N has found that vigorous activity was associated with PD in men and women, while a reduction in PD risk through moderate to vigorous activity [44] . The study of 213,701 participants of NIH-AARP Diet and Health Study cohort also confirmed this view that higher levels of moderate to vigorous activities at ages 35-39 or in the past ten years as reported in 1996-1997 were associated with low PD incidence after 2000, which was with a significant dose-response relationship. Compared to individuals who were inactive during the two periods, the risk of PD reduced by approximately 40% in the further analysis [45] . Another study from the Swedish National March cohort showed that the total amount of daily activity was associated with a lower risk of PD, but women's correlation was not apparent to men [46] .
Multiple Physical Activities Can Improve Motor and
Nonmotor Symptoms of Parkinson's Disease. Mehrholz et al. and Herman et al.'s study found that running can improve gait and physical fitness and better safety [47, 48] . Aguiar et al. indicated that regular dancing has the benefit of balance and mobility in PD patients [49] . The rhythmic music used in dancing could activate neurons that are conducive to motor control, accompanied by increasing blood flow in the hippocampus, frontal, temporal, and parietal cortex. This promotion of neural plasticity improves movement, balance, and cognition of the body [50] . Also, Tai Chi and Qigong could upgrade the motor function and balance ability of patients with mild to moderate PD [51] [52] [53] . Yoga provides modest improvements in motor functions, mobility, balance, flexibility, and strength in upper and lower limbs, while helps reduce the fear of falls in Parkinson's patients [54] . Physical activity treatment could also improve nonmotor functions in PD patients. In the meantime, physical activity could regulate autonomic dysfunction, including improvement of cardiac sympathetic regulation in PD patients [55] , but the effects on other systems are unclear [56] . Resistance training, Qigong, and other types of physical activity could improve sleep quality in PD patients [57] [58] . Another benefit of physical activity to PD patients is cognitive impairment alleviation. David et al. found that 24 months of progressive resistance training may improve attention and working memory in nondemented patients with mild to moderate PD patients [59] . McKee and Hackney indicated that tango participants improved on disease severity, spatial cognition, balance, and executive function [60] . Consistent with the above studies, Cruise et al. found that 12 weeks of progressive aerobic and anabolic physical activity had selective benefits for cognitive functioning by improving frontal lobe-based executive function [61] . As a safe, broadspectrum intervention, physical activity could also have positive effects on mood, cognition, and sleep for PD patients. Therefore, physical activity could enhance the chances of recovery through improvement in the mood and the nervous system in elderly PD patients [62] . Based on the Feldenkrais method, Teixeira-Machado et al. indicated that 50 sessions of physical therapy programs could promote cognitive function for ages between 50 and 70 PD patients [63] . More and more evidences from numerous studies suggested that physical activity could enhance motor and nonmotor symptoms of PD patients, but the mechanism of exercise in relieving PD symptoms needs further study.
Therapy Regimen by Comparing the Effects of Different
Intensities of Physical Activity on PD. The light physical activity (VO 2Max 40%-50%) reduces tumor necrosis factor alpha (TNF-alpha) in the skeletal muscle [64] and the thiobarbituric acid reactive substances (TBARS) in the soleus muscles [65] . Linke's study found that physical activity can not only reduce the expression of inflammatory cytokines in the blood but also enhance the activity of free radical scavengers [66] . Schulze's findings suggest that physical activity enhances mitochondrial biogenesis in the vascular endothelium through a shear stress-dependent mechanism [67] . Vettor's findings demonstrate that physical activity promotes endothelial NO synthase-(eNOS-) dependent mitochondrial biogenesis in the heart, which behaves as an essential step in cardiac glucose transport [68] . The light activity can reduce oxidative stress and enhance mitochondrial biogenesis in skeletal muscle, blood, and heart. These protective effects can improve autonomic dysfunction [55] , sleep quality [57] , and depression [57] in PD patients.
The moderate to vigorous physical activity (VO 2Max 50%-80%), 40-60 mins/day, 5 days/week, can be widely used in people's daily life, corresponding to about 7 hours of walking, 5 hours of aerobics, or 3 hours of lap swimming per week for men and 6 hours of walking, 4.5 hours of aerobics, or 2.5 hours of lap swimming per week for women [44, 45] . Compared with light physical activity, moderate to vigorous physical activity (exercise) has a more effective protection mechanism in PD patients. The moderate treadmill exercise and one-time exhaustion exercise, in addition to effectively reducing the risk of PD [1] , can also enhance motor deficits in PD patients [54] , improve cognitive impairment, and depression [50] , which is consistent with the role of light physical activity. Besides, animal experiments demonstrated that moderate to vigorous physical exercise could enhance mitochondrial function [69] and reduce oxidative stress [70, 71] in the brain of PD mice. More importantly, exercise can reduce the accumulation of the pathogenic protein α-Syn and prevent neuronal apoptosis [71] .
Molecular Mechanisms of Physical Exercise Relieving Parkinson's Disease

Physical Exercise Can Reduce the Accumulation of the α-Syn
Protein. The α-syn protein is the main pathogenic protein of PD, which is acidic synaptophysin expressed in the vertebrate presynaptic. In the central nervous system (CNS), many neurodegenerative diseases are associated with the exiting of the α-syn protein in the cytoplasm and nucleus [72] . Aggregation of α-syn is a crucial risk factor for PD, multiple system atrophy (MSA), and Lewy body dementia (DLB) [73, 74] . In previous studies, physical exercise was found to have a positive effect on neurodegenerative diseases such as Huntington's disease, Alzheimer's disease, and PD [75] [76] [77] . Physical exercise could reduce the loss of dopaminergic neurons, increase synaptic connections, and upregulate neurotrophic factor levels to improve PD dyskinesia [78] [79] [80] . Physical exercise could downregulate α-Syn protein levels and neuronal apoptosis [70, [81] [82] [83] , which could reduce inflammation and mitochondrial dysfunction to restore the motor function in PD patients. Overexpression of α-synuclein also resulted in significant impairment on hippocampal neurogenesis-dependent pattern separation (a cognitive task). Voluntary running exercise could prevent deterioration and improve cognition through the decrease of α-Syn protein overexpression. This can be further substantiated by an effect of running on neurogenesis levels in the dorsal dentate gyrus, suggesting that the functional effects of running on pattern separation were mediated via increased neurogenesis [84] . However, the exact molecular mechanisms of exercise-induced α-syn protein level decrease are unrevealed. The accumulation of the α-Syn protein is the main reason for neuron loss [85, 86] . Physical exercise can significantly reduce α-Syn protein neuron loss in PD rodent models [70, 82, 83] , but there are still inconsistent results from other studies [87, 88] . The different extent to the loss of neurons may be due to changes in exercise duration and intensity, which could affect the motor benefits of PD patients [89] . Aguiar et al. found that six weeks of running did not prevent MPTP neurotoxicity, suggesting that the duration of physical exercise should be prolonged to induce a neuroprotection effect [90] . Therefore, shortterm, low-intensity physical exercise is not sufficient to alleviate neuronal loss [88] , but moderate to intense intensity of physical exercise may have the protective effect on neurons from loss [70, 91, 92] .
Active physical exercise can alleviate neuron loss and enhance nerve regeneration. In the substantia nigra pars compacta and striatum brain regions, exercise increases the levels of tyrosine hydroxylase (TH) and dopamine transporter (DAT) [82, [93] [94] [95] [96] , which will promote the expression of PSD-95 and synaptophysin [78, 97, 98] . These positive effects also could increase the function of dendritic spines on dopaminergic neurons and nerve fibers [99] [100] [101] [102] . Current studies have found a significant reduction in neurogenesis in the hippocampus of PD patient, while a significant increase in neurogenesis after a period of running. Increased neurogenesis in the hippocampus promoted learning ability and memory function [103] [104] [105] . Both acute and chronic physical exercises could increase hippocampus activity [106, 107] . Exercise improves hippocampal synaptic plasticity mainly due to enhanced synaptic efficacy and expression of molecules involved in learning and memory [108] [109] [110] . Physical exercise not only promotes cell proliferation but also promotes the differentiation of newly formed nerve cells. Physical exercise increases neurogenesis, enhances synaptic plasticity in neurons, and improves spatial memory.
Physical Exercise Can Reduce Inflammation and
Oxidative Stress. PD is a very common neurodegenerative disease in the elderly that is characterized by skeletal muscle abnormalities [111, 112] . Related studies reported that the inflammatory factors were upregulated in PD brain [113] [114] [115] . In addition, overexpression of inflammatory factors has also been shown in gastrocnemius skeletal muscle in PD, which suggested that they may play a role in the progression of skeletal muscle abnormalities [116] . Physical exercise training can reduce the risk of inflammation [117] [118] [119] [120] [121] [122] [123] [124] [125] [126] . Erekat et al. and Al-Jarrah et al. found PD-induced changes in skeletal muscle IL-1β and TNF-α inflammatory cytokine expression. This is consistent with previous studies that skeletal muscle fibers are capable of producing proinflammatory factors [118, 127] . These proinflammatory cytokines are overexpressed in PD-induced skeletal muscle cells [116, 128, 129] . However, after physical training, overexpressed inflammatory cytokines are inhibited in aging skeletal muscle [64, 122] . Previous reports suggest that physical training promotes the expression of antioxidant enzymes, which may help reduce the production of proinflammatory cytokines in the skeletal muscle. Regular physical exercise can upregulate cellular antioxidant capacity and reduce the production rate of reactive oxygen species (ROS) [65] [66] [67] 130] . Besides, physical exercise can increase the number and function of mitochondria to induce mitochondrial biogenesis [68, [131] [132] [133] [134] [135] , thereby improving the oxidative environment caused by mitochondrial abnormalities, which are associated with inflammatory reactions occurring in PD skeletal muscle [136] . Therefore, it can be assumed that mitochondrial biogenesis induced after physical exercise training leads to a decrease in proinflammatory factors in the skeletal muscle in PD patient [137, 138] .
Accumulation of the α-syn protein in neurons leads to inflammation in the brain [139] [140] [141] . Aggregation of α-Syn induced the production of proinflammatory cytokines, which are toxic and thus cause cell death of dopaminergic neurons [142, 143] . Therefore, reducing the inflammatory response may be an effective way to deal with PD. Several studies found that physical exercise can improve the oxidative metabolism and the expression of antioxidant enzymes in the brain of mice [144] [145] [146] . Tuon et al. indicated that physical exercise was beneficial in reducing the production of proinflammatory proteins and inflammation in the brain of PD mice [91] . This result is consistent with previous studies by Sung et al. and Al-Jarrah et al., which suggested that physical exercise could decrease the level of proinflammatory proteins in the striatum and hippocampus in the PD experimental model through reducing the activity of microglia [147, 148] .
Based on the above studies, we speculate that multiple pathways are involved in the regulation of physical exercise in PD animal experiments, such as alleviate the production of proinflammatory factors in the musculoskeletal muscle, reduce the expression of inflammatory factors in the brain, reduce the inflammatory response, and regulate oxidative stress [149, 150] .
Physical Exercise Can Increase the Upregulation of BrainDerived Neurotrophic Factor (BDNF).
The neuroprotective effects of exercise in PD may be promoted by neurotrophic factors, such as brain-derived neurotrophic factor (BDNF). BDNF plays a vital role in cell differentiation, neuronal survival, migration, synapse development, and synaptic plasticity [151] . Studies have shown that neurogenesis, combined with BDNF, can mimic the beneficial effects of physical exercise on mice [152] . Many studies have shown that physical exercise can produce antidepressant effects by increasing the level of BDNF, as well as prevent neurodegenerative diseases [66] . Running has been shown to increase BDNF and nerve growth factor (NGF) [153] , fibroblast growth factor-2 (FGF-2) [154] , and insulin-like growth factor 1 (IGF-1) [155] . Striatum trophic factors have potent trophic activity on DA neurons [156] [157] [158] [159] . For example, 6-OHDA could prevent neurotoxic effects [160] [161] [162] . Physical exercise-trained rats showed an increase in protein and mRNA levels of trophic factors in the brain [153, 163] , which suggested that this neuroprotection is caused by an increase in trophic factors [164, 165] . Besides, the protective effects induced by physical exercise are not limited to this aspect. We noted that FGF-2, a trophic factor, is upregulated after physical exercise [154] and has also been shown to induce expression of GDNF and BDNF in vitro [166, 167] . Physical exercise could increase the levels of BDNF and other neurotrophic factors, while toxins in the striatum and hippocampus could decrease those factors [168, 169] . In summary, studies have shown that physical exercise leads to the upregulation of neurotrophic factors in the brain of PD mice and enhances neuronal survival, differentiation, and synaptic plasticity in the central nervous system.
Physical Exercise Can Enhance Mitochondrial Function.
Mitochondria are essential dynamic organelles responsible for the production of a large number of cellular energy molecules, adenosine triphosphate (ATP). Mitochondria also often undergo fission, fusion, and biogenesis and maintain tubular networks under normal conditions. These dynamic processes play an essential role in neuronal survival and homeostasis [170] . The common hallmark of several neurodegenerative diseases (Huntington's disease, Alzheimer's disease, and PD) is impaired function or expression of PGC-1α, a major regulator of mitochondrial biogenesis [171] . Recent studies have found that disrupting mitochondrial dynamics (e.g., excessive fission and repressed biosynthesis) leads to mitochondrial dysfunction in PD, which triggers neuronal cell death [172] [173] [174] . More and more researches have begun to reveal that endurance aerobic exercise can improve mitochondrial function in the brain [175] . Cells exposed to neurotoxins showed mitochondrial rupture, reduced mitochondrial protein, and cell death. Aerobic exercise could change mitochondrial phenotype, such as upregulating antiapoptotic protein (MCL-1 and BLC-2) and reducing proapoptotic proteins [70, 176] . Also, physical exercise could regulate fusion (such as MFN1/2 and OPA1) and fission [177] [178] [179] [180] and enhance mitochondrial biosynthesis to promote mitochondrial dynamics [181] . The number of autophagic vacuoles increased in neurons in the brain regions of PD patients. This result indicates that the autophagy of neurons in the brains of PD patients is higher than that of the healthy population [182] . Koo et al. found that running exercise promotes autophagic clearance of mitochondrial α-Syn by activating mitochondrial silencing signal regulator-1 (SIRT1) [77] . Jang et al. suggested that eight weeks of running exercise regulates levels of autophagy-associated proteins, including microtubule-associated protein 1 light chain 3-II, p62, BECLIN1, BNIP3, and lysosomalassociated membrane protein-2. Those factors were all downregulated in the PD mice group while reversed in the exercise group. Therefore, physical exercise relieve PD symptoms in multiple ways, such as the autophagic ability promotion of the cells [183] and mitochondrial function enhancement.
Conclusion
The process of PD is affected by various factors, including risk factors and protective factors. As a safe treatment, physical activity could relieve the symptoms in PD patients, such as motor dysfunction, cognitive deficits, and depression. Different forms of physical activity, especially the moderate to vigorous physical exercise, have a positive impact on PD through multiple mechanisms, including reducing the accumulation of the α-syn protein and alleviating inflammation and oxidative stress, while enhancing BDNF activity, nerve regeneration, and mitochondrial function. So, there is an urgent need for illustrating the molecular mechanism of physical activity-induced protective effect on PD in order to provide the theoretical basis for improving the efficacy of prevention and treatment of PD (see Figure 1) .
